A new micro-computed tomography-based high-resolution blood-brain barrier imaging technique to study ischemic stroke.
Micro-computed tomography (mCT) offers high-resolution images, but it suffers from low contrast sensitivity and poor soft tissue contrast. We introduce a new mCT imaging technique with improved sensitivity for the dynamic spatial and temporal characterization of poststroke blood-brain barrier (BBB) dysfunction in small animals in vivo. Transient middle cerebral artery occlusion was induced for 1 hour in 10- to 12-week-old C57BL/6 mice (n=35). At 4, 24, and 48 hours after ischemic stroke, serial in vivo mCT imaging was performed 5 minutes after intravenous infusion (n=3) or intracarotid infusion of iopromide (240 μL) for 5 minutes (n=32). After intravenous injection of 2% Evans blue, we performed ex vivo near-infrared fluorescent imaging of parenchymal Evans blue leakage, visual assessment of poststroke parenchymal hematoma, triphenyltetrazolium chloride staining of the brain tissue, and quantitative mapping of stroke-related brain lesions. Infarct-related BBB dysfunction could be demonstrated with intra-arterial but not with intravenous infusion of iopromide. Iopromide leakage across the dysfunctional BBB showed a monophasic (not biphasic) course for 48 hours after ischemic insult in both the parenchymal hematoma (n=5) and the non-parenchymal hematoma (n=24) groups, with relatively severe leakiness and greater hemispheric midline shift in animals with hemorrhage. Parenchymal staining on in vivo mCT overlapped with ex vivo fluorescent staining because of Evans blue. Multivariable analyses showed that midline shift and the amount of iopromide leakage at each of the 3 time points predicted the final infarct size at 48 hours. The new mCT BBB imaging technique, based on the intra-arterial infusion of clinically available iopromide, allows serial quantitative visualization of poststroke BBB dysfunction in mice, with high resolution and in a sensitive manner.